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ABSTRACT

A concentrated effort was made, during the fourth quargerly period, to
increase the laser damage threshold, Ey, of aluminum oxide fil~s. This
objectivs was approached empirically. Selected vacuum deposition parameters
were varied and the sffect on Ey was observed. E, for A/4 and 331/4 films
were increased by a factor of two over previously reported values. The

A/2 threshold was increased by a factor of six over the previous value.

The A/4 threshold $pontaneously fell to-half its original value ‘two

days ifter~ﬁaﬁufécture§
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1.0 Introduction

The primary contract objective is the measurement of ruby laser energy
densities needed to damage commonly ussd optical materials in thin film form.
Since this primary goal has been achieved, we directed our efforts towards i

the secondary contract objective, which is to increase the estapblished 1

values of thin film laser damage thresholds, Bt (joules/cmz). During the
fourth quarterly period, we improved the threshold of aluminum oxide

(A1203) films by varying selected deposition parameters. This report

describes the results of our etforts.
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2.0 Exgerimentgl

Sample Preparation and testing:

The thin film samples were produced by vacuum evaporation. The deposition
was mohitored using an optical system in the reflectance mode. The 99.3%
pure aluminum oxide used in all the samples repcrted was obtained from the
Norton Company, Worcestar, Massachusetts. The white, grannular (grain
size 0.2 - 0.8mm) material was ea;ily evaporated by the electron gun

with 2 kilowatt power level.

The 2" x 2" x 3/32" glass substrates have an index of refraction at
A = 5890A of 1.52. The substrate cleaning procedures used are listed .n

‘Table 1.

The laser damage threshold measurements were performed using a previously

reported technique.1

Optical thickness and absorption measurements:

The wavelength at which a sample had a A/4 optical thickness was the
wavelength of minimum transmittance. The wavelength of maximum transmittance
was the wavelength at which the sample had a A/2 optical thickness. The
transmittance measurements were made on the Cary 14 recording spectro-
photometer. The A/4 transmittance values were used to obtain the index of

refraction of the films, using an established method.

Absorption measurements were made at the A/2 position. The transmittance
of the film-substrate combination should equal that of the substrate alone

at the A/Z position assuming a film homogeneous in refractive index. But
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absorpcion reduces the trensmittance of the film-substrate -ombination.

Values of absorption as little as 0.5% can be measured using this method.
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3.0 Results

(91 ]
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General Observations:

The damaged areas observed in high threshold (Et73° joules/cmz), and low
threshold (E, 20 joules/cm?), filrs differ in appearance. A typical high
threshold darage spot has little symmetry. Its periphery consists of sharp,
jagged irregularities. The boundary betweon the areas of film removal and
residual film are sharp and distinct. Also, near threshold, the damage

spot ''radius" decreases rapidly with decressing energy density. Low

threshold damage spots are generally circular in appearance. Near threshold,

the core area of complete film removal is not accompanied by substrate

damage. The central area is usually surrounded by an annular ring of

partial film removal. The damage spot 'radii'" of low threshold films de-
‘ crease more slowly with decreasing energy density than those of high

threshold films.

W The mechanical durability of selectsd A/4 samples was investigated.

e w1 O S RIS L

Essentially, the test apparatus was an eraser under a constant one pound

' load. To measure the mechanical durability, the number of rubs needed to

L permanently mar the film were counted. The values generally ranged from
3

1a

750-1200 rubs. The film with the highest rub resistance also had the
highest threshold (E, = 49 joules/cmz). A sample with an amount of absorp- ‘
tion that could be detected by visual obsevrvation (film was tan colored

in transmission), was tested also. It had a rub resistance of only 4 rubs.
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The measured index of refraction values range from 1.59 - 1.61 $0,02,
in the visible region of the spectrum (Table II). These.values were
determined from 1/4 samples produced with the following values of parameters:
Pre;sure; P=1.,5r 104 torr
Substrate temperature during deposition; Tg = 170°F
Rate of Deposition; D = 12A/second
Electron gun power = 2,0 kilowatts
Previously, aluminum oxide films had been evaporated in an oxygen atmosphere.
Oxygen was bled. into the vacuum chamber to keep the pressuie constant at

1.8 x 10~4 torr during evaporation. We decided to sibstitute an air bleed

for the oxygen and observe the effect on Ex. The values of the other
parameters were hel& constant. The resulting samples were compared and

no measurable difference in lascr damage threshold or mechanical durability
was found. No Jifference in clarity was detected visually., The values

of pressure qucted in this seport refer to the residual air pressure in

the chamber, not the oxygen pressure.

eovasboat 20RO 4440300

3.2 Threshold as a function of pressure.

The variations of threshold with pressure for three substrute temperatures
during deposition are illustrated in Figures 1 - 3. All thc samples
mcasured to obtain these figures were produced at a deposition rate of , ‘

12A/second.

For the films tested to obtain Figure 1, the conditions held constant during
evaporation were:
Substrate temperature during evaporation: Tg = 120°F

Electron gun power level = 2 kilowatts
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Optical thickness = A/4 at ) = 5500 *S00A

Because the /2 pésition was below the glass cut-off, any absorption in

these amples was not able to be measured spectrophotometrically. However,

no absorption was detected with a visual observation. The maximum un-

2
certainty in Et is %1% joules/cm .

The parameters during evaporation of the samples of Figure 2 were:
Tg = 170°F
Elect.on gun power level = 2 kilowatts, except for th- sample
deposited at pressure » 2.5 x 10" torr. That samrole wus

evaporated with a power level of 2.5 kilowatts to keer

D = 12A/second.

T L T g —

Optical thickness = A/4 at A = 69G0 +700A

This graph has a definite maximum of E, = 40 joules/cmz. The 1A/4 sample-
with the highest Et also had the highest mechanical durability, 1200 rubs.
This sample had no measurable absorption. The film evaporated at a
pressure = 2,5 x 10-4 torr had 2% absorption at A = 3600A. Any absorp-
tion in the other samples was unable to be measured on the spectro-

photometer. Visually no atsorption was detected. The maximum uncer-

tainty in Et is 214 jéﬁles/cmz. %
5
The parameter values used during production of the samples tested to 5
obtein Figure 3 were: {
o
Ts = 350"F

Electron gun power level = 2 kilowatts

§

Optical thickness = 1/4 at A = 5500 $500A

O ——




3.3

3.4

E, increases slowly as the pressure is increased. One sample did have,

and one did not have measureable absorption. Absorption in the other
eight samples was unable to be measured on the spectrophotometer. No
absorption was detected by visual inspection. The largest uncertainty

in Et is 22.5 joules/cmz.

Threshold as a function of pubstrate temperature during deposition, T . :

The samples tested to obtain Fignure 4 were deposited with the following
conditions constant:

Pressure = 1.8 x 10”4 torr

D = 12A/second

Electron gun power level = 2.0 kilcwatts

Optical thickness = A/4 at X = 6900A * 600A
Figure 4 has a definite maximum E, = 40 joules/cmz. Three of the geven
samp:2s tested had no measureable absorption. The other films had no visibly

detectabls absorption. The maximum uncertainty in E, is tlig joules/cmz.

Threshold as a function of Deposition Rate:

The parameters held const nt during prodﬁction of the samples used in the
investigation of deposition rate were:

P=1.8x 10 torr

T, = 170°F

Optical thickness = 1/2 at X = 6900A £100A
The effect of deposition rate on threshold is difficult to study, primarily
because at certain rates of depositisn (3, 2,4 A/second) the resulting
films were either absorbing or had a graded index. The most striking result

of the deposition rate investigation is the six times iacrease in threshold

-7-




of two A/2 samples. At D = 4 A/second, Et = 42, 45 were obtained. These

two samples had no measureable absorption at A=6900A. The maximum un-

2
certainty in Et was *jjoule/cem .
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Substrate cleaning procedures and electron gun current and voltage at
constant power:

The samples used in these investigations were produced under the following
conditions:

Pa3x 107> tor:

Tg = 350°F

D -.12 A/second

Electron gun power = 1.5 kilowatts

The values of threshold were not altered measurably (E, = 10-12 joules/cmz)

as the substrate cleaning procedure was changed. The variation of electron

N ”W“MWWWMW“WWYM{M%W%WW P e

gun current anc voltage at constant power did not change the threshold
values, (Et = 10-12 joules/cmz). The current, voltage and power values

investigated were:

!
Current Vnltage Power %
(amps) (. olts) (XwW) i
i
280 , 5000 1.4 %'
440 3400 1.5
480 3200 1.5

There was no visible absorption in any of these samples.

Deterioration of threshold with time:

The A\/4 sample yielding the highest threshold was produced under the

following conditions:

<A R R L B
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P=1.8x 1074 torr
Tg = 170°F
D = 12 A/second
Electron gun power = 2.0 kilowatts
The film was irradiated one day after it was produced and E, = '40'jou1eslcm.2

The sample was tested again two days after it was deposited and the threchold

had decreased to 23 joules/cmz.

e
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4.0 Recommendations

The following procedure is suggested for future study of threshold versus

selected deposition parameters.

1. Establish the degree of absorption and optical thickness of each sample.

2. Establish a fam.ly of threshold versus pressure curves at verious
substrate temperatures during depusition.

3. From the data collected in Step 2, use a bootstrap technique to zero in
on the temperat:ire - nressure combination yielding the highest threshold.
., .r..- N e -‘,‘.%\1;,--‘-'-1"'- '
4. At the pressure-temperature values found in Step 3, study the effect
on E¢ of other parameters such as:

A}

deposition rate

evaporation rate

electron gun power level

electron beam spot size

glow discharge

angle of incidence of evaporant on substrate
electron gun current, voltage; constant power

clecrning procedures

5. As the best values of the other parameter: are determined, insure that
the previously determined pressure - temperature combination still
yields the highest threshold value.

-10-
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5.0

Conslusion

The mechanism of laser damage in thin films is not well understood, nor
are the above described effects on the damage threshold of variations in
th? vacuum Coating parameters sttendant upon the preparation of aluminum

oxide films. An attempt is being made to formulate a model to explain

them, and this will be reported upon later.

We thank Duane Waterman and Gibb Nettles for their valuable aid in

producing and evaluating the thin film samples.

This report was written by S. Refermat and A.F. Turner.
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TABLE I

L Mo anbbebiapbio LAl

AR

COMPARISON OF SUBSTRATE CLEANING P'ROCEDURES

Ultra-Sonic Cleaning Method Hand Cleaninj; Method !
k1
1. Ultra-sonic rinse ip distilled 1. :inse in tap water. i
wzter and detergent (orvious) at i
temperatuie = 1500 2. Polish with zirconium dioxide

and wet cotton. i
2. Ultra-sonic rinse in distiiled

water at T = 150°F, 3. Rinse in tap water.

3. Rinse in tap water at 120°F 4. D1y with a soft, lint-free cloth :

-17- ‘
: i 1
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B. Rinse in 2lcnhol

5. Rinse in the isogropyl e ccrol
degreaser at 180°F




TABLE II

Index of Refraction versus
Wavelength*

Wave- Indext
length

)
0.44 1.59
0.55 1.61
0.69 1.60

*Samples used in index determinaticns wer. produced at:
Pressure = 1.8 x 107% torr
Substrate Temperature
During Deyosition = 170°F
Deposition Rate = 12 Angstroms/second

Optical Thickness = A/4 at wavelength indicated

tIndex value uncertainty = 10.02

-18-
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Results of An Empirical Study to Increase E,

TABLE II1I

Ey
CODE SAMPLE (joules/cm?)  |OPTICAL THICKNESS

1 2/27/65 #2 26 V7
2 1/4/67 M 22
3 1/11/67 M 40
1 2/21/66 #34 7* A2 *
2 2/8/67 N 11
3 2/15/67 M 16
4 3/22/67 #2 40-45

*
2 1/4/67 #3 15 61/4
3 2/16/67 #2 12 61/4

+
1 3/2/66 #21 4.6 361/4
3 3/17/67 11 9.0 33)/4

—

s TR UPRR TR

*On silica substrate

*1 = 6900A

*\ = $100A

=19-
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CODE FOR TABLE I11

AT
it

1. Oxygen Pressure = 1.8 x 10°4 torr.

Substrate Temperature o
During Deposition Tg = 350°F

¥ g

Deposition Rate: D = 12 Angstroms/second

i

2. Residual Pressure: P = 1.8 x 10~* torr.

o 5
Ts = 3500F 3
D = 12 A /second

3. P=1.8x10"% torr. :
Ty = 170°F
D = 12A /secoud %

4. P =1.8x 104 torr.

A g

Ts = 170°F

D = 4A /second :

il el
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gt
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